Definite treatment of cardiac tamponade is rapid pericardial drainage, usually achieved by pericardiocentesis. 1 Nevertheless, in clinical situations in which this procedure cannot be readily performed, intravascular volume expansion has been proposed as an useful temporizing measure while waiting for pericardiocentesis. However, this recommendation is especially based on experts opinion. [1] [2] [3] [4] [5] Current available European guidelines issued in 2004 reported that cardiac tamponade is an absolute indication for drainage (class I indication) and that patients with dehydration and hypovolaemia may temporarily improve with intravenous fluids enhancing ventricular filling. 6 Only limited data support this indication, especially coming for experimental animal studies showing an increase in cardiac output and improvement of blood pressure with expansion of central blood volume. [7] [8] [9] Few clinical studies ( Table 1 ) have evaluated the haemodynamic effects of volume expansion in human cardiac tamponade. 10, 11 In a single series of 11 cases, haemodynamic parameters were not affected by volume expansion, 10 while in a more recent Spanish study on 49 cases with large pericardial effusion and cardiac tamponade, approximately one-half of patients developed a significant increase (>10%) in cardiac output after i.v. administration of 500 ml normal saline over 10 min. This benefit was only seen in patients with systolic blood pressure (SBP) <100 mmHg during tamponade. In this study, one-third of patients showed a decrease of cardiac output with volume expansion. 11 In the present study, 12 Singh et al. tried to evaluate the effect of volume expansion on cardiac haemodynamics in patients with cardiac tamponade and especially the optimal amount of fluid to be administered.
The study included 28 patients with cardiac tamponade. A total of 1 l i.v. fluid (NS) was administered over 20 min, at the rate of 250 ml per 5 min, through a peripheral venous access. The prespecified parameters -SBP, intrapericardial pressures, right atrial, pulmonary arterial systolic, and pulmonary capillary wedge pressure (PCWP), cardiac output (CO), and cardiac index (CI) were measured and recorded at baseline and thereafter every 5 min (i.e. after every 250 ml i.v. fluid infusion).
Overall rise of haemodynamic parameters was mainly distributed in the first 0-500 ml volume bracket for all of these variables; with 80-90% of the total increase occurring in the initial 500 ml. None of the patients had a worsening of dyspnoea or development of features of pulmonary oedema. Higher heart rate (109.60±7.82 vs. 102.11±8.01 bpm, p=0.024), lower SBP (95.40±12.37 vs. 107.11±13.50 mmHg, p=0.032), higher intrapericardial pressure (13.20±3.49 vs. 10.44±2.53 mmHg, p=0.023), and lower CI (1.90±0.31 vs. 2.24±0.24; p=0.043) were predictors of favourable increase in CI (>15%).
The present study shows some relevant findings. First of all that volume infusion of 250-500 ml normal saline is able to reach maximal haemodynamic effects. This is the first specific attempt to assess the optimal amount of i.v. fluid for cardiac tamponade. Higher volumes may increase PCWP and intrapericardial pressures and reduce CO and CI and thus, have the potentiality to be deleterious. Second, the benefit of this manoeuver is especially for hypotensive patients (SBP<100 mmHg) as confirmed by previous studies. 11, 12 A reasonable explanation for this phenomenon is that, although volume expansion forces the filling of right cardiac chambers and consequently might be expected to cause an increase in cardiac output, the increase in rightchamber volume can occur only at the expenses of the left chambers' volumes in the setting of a fixed overall heart volume due to pericardial fluid compressing the heart. This reduction of left chambers is responsible for a decrease in cardiac output and SBP (Figure) . This mechanism of increased interventricular dependence is also responsible for pulsus paradoxus occurring as >10 mmHg decrease of SBP during inspiration and marked changes of transmitral
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European Heart Journal: Acute Cardiovascular Care 3 (2) flows during respiratory phases, as registered by echo Doppler imaging. When pericardial space is filled by an effusion and overall cardiac volume becomes fixed, inspiratory increase of venous return and thus right chambers' size can only occur with a decrease of left chambers' size and thus reduction of cardiac output and SBP.
In conclusion, a volume loading of 250-500 ml can be safely offered as an emergency temporary measure to help stabilize a hypotensive patient while waiting (and preparing) for pericardiocentesis.
